Synthesis, Characterization and Evaluation of
Transition Metal Oxide-Based Solid
Superacid Catalysis by P.M., SREEKANTH
Abstract

Titania–zirconia binary oxide supported sulfate, molybdate, and
tungstate promoted solid acid catalysts were prepared by suspending the
hydrous mixed oxide support in aqueous solutions of sulfuric acid,
ammonium heptamolybdate, and ammonium metatungstate. The
suspensions were refluxed at 383 K followed by evaporation of the water,
drying and calcination at 1073 K. The resulting materials were
characterized by means of X-ray powder diffraction, BET surface area, FTRaman,
and X-ray photoelectron spectroscopy methods. The calcined TiO2-
ZrO2 binary oxide, X-ray amorphous at 773 K, forms a definite crystalline
ZrTiO4 compound at 1073 K. The XRD measurements further reveal the
presence of Ti2(SO4)3 and Zr(SO4)2 compounds in the case of SO4
2−/TiO2-
ZrO2 sample and Zr(MoO4)2 and Zr(WO4)2, respectively, in the case of
molybdenum and tungsten-oxide promoted catalysts. The FT-Raman
results also support these observations. The XPS measurements show peak
broadening and shift in the binding energies of O 1s, Ti 2p, and Zr 3d lines
in the case of sulfated catalyst. The characterization results indicate that
the impregnated sulfate ion shows a relatively strong influence on the
physicochemical properties of the TiO2-ZrO2 mixed oxide, which is followed
by molybdate.
Alumina-zirconia mixed oxide supported sulfate, molybdate, and tungstate
promoted solid acid catalysts were synthesized and characterized by various
techniques. The Al-Zr hydroxide gel was obtained by a co-precipitation method
from their corresponding nitrate salts by hydrolysis with aqueous ammonia. To
the Al-Zr-hydrous mixed oxide support, aqueous solutions of sulfuric acid,
ammonium heptamolybdate, and ammonium metatungstate were added and the
mixtures were refluxed at 110 °C, followed by evaporation of the water, drying
and calcination at 650 - 750 °C. The surface and bulk properties of the catalysts
were examined by using X-ray diffraction, BET surface area, TGA/DTA, ammonia-
TPD, and XPS techniques. The XRD results reveal that Al2O3-ZrO2 mixed oxide
calcined at 650 °C is in amorphous or poorly crystalline state exhibiting broad
diffraction lines due to tetragonal ZrO2 phase. At 750 °C calcination, a better
crystallization of the zirconia tetragonal phase is observed. The XRD results
further indicate that incorporation of alumina into zirconia stabilizes the tetragonal
phase. The TGA-DTA studies provide information that there are at least two types
of sulfate species with different thermal stabilities in the case of SO4
2−/Al2O3-ZrO2
catalyst. The TPD study reveals that the SO4
2−/Al2O3-ZrO2 catalyst exhibits an
ammonia desorption peak maximum at 600 °C indicating super-acidic nature of
the catalyst. The XPS peak intensities and the corresponding binding energies
indicate that sulfate ion interacts with the support more strongly than other
promoters. All characterization results provide information that the impregnated
sulfate ions show a relatively strong influence on the physicochemical properties
of the Al2O3-ZrO2 mixed oxide.
A series of sulfate, molybdate and tungstate promoted ZrO2 catalysts were
prepared by wet impregnation method. Further, a Pt promoted Mo-ZrO2 catalyst
was also prepared separately by impregnating with hexachloroplatinic acid. The
surface and bulk properties of various promoted ZrO2 catalysts were investigated
by means of X-ray powder diffraction, BET surface area, ammonia-TPD, and
Raman spectroscopy techniques. The unpromoted ZrO2 when calcined at 873 K
exists in the crystalline form with monoclinic phase dominating over the tetragonal
phase. Incorporation of various promoters into Zr(OH)4 shows a strong influence
on the bulk and the surface properties. Addition of promoters enhanced the
tetragonal zirconia phase and the surface acidity. In the case of Pt/Mo-ZrO2
catalyst, a complete tetragonal ZrO2 phase is observed. The ammonia-TPD results
indicate that the impregnated sulfate ions show a strong influence on the acidity
of ZrO2, which is followed by molybdate. The prepared catalysts including
promoted TiO2-ZrO2 and Al2O3-ZrO2 were evaluated for various organic synthesis
and transformation reactions in the liquid phase. All catalysts exhibit good
catalytic activity for synthesis of 1,5-benzodiazepines, acylation of alcohols,
phenols and amines, tetrahydropyranylation of alcohols and phenols and synthesis
of 1,1-diacetates. In particular, the sulfate and molybdate promoted catalysts
exhibited excellent catalytic activity.

